Background. Treatment of distal rectal cancer remains clinically challenging and includes proctectomy and coloanal anastomosis (CAA) or abdominoperineal resection (APR). The purpose of this study is to evaluate operative and pathologic factors associated with long-term survival and local recurrence outcomes in patients treated for distal rectal cancer. Methods. A retrospective consecutive cohort study of 304 patients treated for distal rectal cancer with radical resection from 1993 to 2003 was performed. Patients were grouped by procedure (CAA or APR). Demographic, pathologic, recurrence, and survival data were analyzed utilizing chi-square analysis for comparison of proportions. Survival analysis was performed using Kaplan-Meier method and log-rank test for univariate and Cox regression for multivariate comparison. Results. The median tumor distance from the anal verge was 2 cm [interquartile range (IQR) 0.5-4 cm]. Margins were negative in all but four patients (one distal, 0.3%; three radial, 1%). The 5-year overall survival rate was 82% (88.6% stage pI, 80.5% stage pII, 67.9% stage pIII). Older age, advanced pathologic stage, presence of lymphovascular or perineural invasion, earlier treatment period, and APR surgery type were associated with worse survival on multivariate analysis. The 5-year local recurrence rate was 5.3% after CAA and 7.9% after APR (p = 0.33).
Conclusions. Low rates of local recurrence and good overall survival can be achieved after treatment of distal rectal cancer with stage-appropriate chemoradiation and proctectomy with CAA or APR. Sphincter preservation can be achieved even with distal margins less than 2 cm.
An estimated 40,870 new cases of rectal cancer will be diagnosed within the USA in 2009, making this one of the most common cancers among men and women. 1 Surgical treatment of distal rectal cancer includes sphincter preservation with proctectomy and coloanal anastomosis (CAA) or abdominoperineal resection (APR). The goals of surgical therapy are both control of the cancer and preservation of function. In addition to surgery, combined chemoradiation therapy (CRT) is recommended for patients with stage II or stage III disease to improve local control and overall survival. 2, 3 Despite these improvements, treatment of distal rectal cancer remains clinically challenging in terms of both the suitability of performing sphincter-preserving surgery and the historically poorer local control and survival outcomes associated with APR compared with sphincter preservation. 4, 5 Traditionally, the ability to perform sphincter preservation was related to the distance between the tumor and the anal sphincters. 6 This was largely based on the finding that distal intramural extension of tumor occurred in 12% of cases and therefore a 5-cm distal margin was deemed necessary for a curative resection. 6 More recently, studies have shown that distal intramural spread beyond 1 cm is uncommon and only occurs in 4-10% of cases. [7] [8] [9] Currently, a distal resection margin of at least 2 cm is considered the standard for rectal cancer, but more recent literature has proposed that a 1-cm margin may be adequate for tumors without adverse histologic features. 10 More importantly, the ability to obtain negative radial margins by total mesorectal excision (TME) and wide division of the levator ani in cases of APR may afford the best chance to decrease local recurrence, distant metastases, and death. [10] [11] [12] [13] [14] This finding may be important in explaining the historical higher risk of local failure in patients who undergo APR than in patients who are able to undergo a sphincter-preserving operation. 15 The purpose of this retrospective cohort study is to evaluate operative and pathologic factors associated with long-term survival and local recurrence in patients treated for primary distal rectal cancer with CAA or APR. Understanding these clinicopathologic factors could better aid in preoperative evaluation and patient counseling.
METHODS

Patient Identification and Management
All consecutive patients who had undergone resection for primary distal rectal cancer between January 1993 and January 2003 were identified from The University of Texas M. D. Anderson Cancer Center tumor registry, and their records were reviewed. Distal cancers were defined as those requiring coloanal reconstruction or abdominoperineal resection for oncologic control. This study was approved by the institutional review board.
Three-hundred four patients were identified and categorized into two groups: those who underwent CAA with sphincter preservation and those who required APR. Preoperative tumor staging was obtained by cross-sectional imaging [computed tomography (CT) or magnetic resonance imaging (MRI)] and endorectal ultrasound unless cross-sectional staging already established the presence of mesorectal nodal involvement (stage III). All patients had disease confined to the pelvis at the time of resection. Neoadjuvant chemoradiation therapy was administered to all patients with stage II or III rectal cancers after multidisciplinary review as previously described and to selected stage I patients with tumors abutting the dentate line and in whom sphincter preservation was being considered. 16 The dose of radiotherapy during the study period was 45-52.5 Gy, and concurrent chemotherapy consisted of infusional 5-fluorouracil (5-FU) during the earlier period but transitioned to oral capecitabine during the latter part of the study. Proctectomy was performed via anterior or combined anterior and transanal or transperineal approach. In all cases, sharp total mesorectal excision was performed to the level of the pelvic floor and, in the case of APR, the levator ani were divided widely. To maximize the ability to preserve sphincter function in the CAA group, the technique of intersphincteric resection was employed, if needed. 17, 18 Handsewn or double-stapled coloanal anastomosis was performed. Postoperatively, adjuvant chemotherapy was offered to all patients with stage II or III cancers and primarily consisted of 5-FU and leucovorin.
Data Collection
We recorded data on demographics, pre-and postoperative disease stage, grade, lymphovascular invasion (LVI), perineural invasion (PNI), radiotherapy, distal margin length, radial margin status, multivisceral resection, local recurrence, and overall survival. Cases in which complete response was seen on pathologic evaluation were classified as LVI and PNI negative unless otherwise identified on pretreatment biopsy. Distal margin length was measured and recorded by the pathologist prior to tissue fixation. The anastomotic rings from the circular stapler, in cases of double-stapled coloanal anastomosis, were not included in the assessment of margin length as they did not represent a circumferential distal margin of resection. Radial margin status was recorded as positive if a tumor was present on microscopic examination of the inked margin. Time to local recurrence was defined as time in months from date of operation to first radiographic or endoscopic documentation of disease. Total follow-up time was defined as time in months from date of operation to last clinic visit or correspondence with the institutional tumor registry.
Statistical Analysis
We performed summary comparisons between the two groups for age, gender, pre-and postoperative tumor-nodemetastasis (TNM) stage, grade, lymphovascular or perineural invasion, CRT, multivisceral resection, and year of surgery (1998 and earlier versus after 1998) using univariate chi-square analysis. We chose 1998 as the cut-point year, when agents other than 5-FU became available for systemic therapy of colorectal cancer. Analyses for recurrence and survival were performed using Kaplan-Meier method and log-rank test for univariate comparisons. A fully saturated multivariate Cox proportional-hazards model incorporating all candidate variables based on univariate or clinical significance was constructed. Model assumptions were evaluated by examination of residual plots. p-Values \0.05 were considered statistically significant. Statistical analyses were performed by using Stata 10.1 MP software (StataCorp, College Station, TX).
RESULTS
Patient Population and Tumor Characteristics
A total of 304 patients who were treated for distal rectal cancer during the study period were identified. Of these 304 patients, 176 underwent CAA and 128 underwent APR. Median follow-up for all patients was 95 months [94 and 98 months for CAA and APR, respectively; interquartile range (IQR) 70-132 months]. Patient demographics are shown in Table 1 . Median age was the same in the CAA and APR groups (57 years, IQR 48-66 years). The majority of patients were men (57% and 58% for CAA and APR, respectively). Median distance of the tumor from the anal verge was 2 cm (IQR 0.5-4 cm). The majority of patients in both groups had stage II or III disease on preoperative evaluation, while postoperative evaluation reflected a shift towards downstaging due to neoadjuvant CRT. Rates of LVI and PNI did not differ between the two groups. Over 88% (n = 155 CAA, 115 APR) of patients underwent neoadjuvant CRT. In the CAA group, the median distal margin of resection was 1.8 cm (IQR 0.6-2.6 cm). Radial margins were negative in all but one (0.7%) patient after CAA and in all but two patients (1.8%) after APR. More patients in the CAA group (67%, n = 118) than in the APR group (59%, n = 75) completed postoperative chemotherapy (p \ 0.01), and more patients in the APR group (29%, n = 37) than in the CAA group (4%, n = 7) required multivisceral resection (p \ 0.01).
Survival Outcomes
The 5-year overall survival rate was 82% [95% confidence interval (CI) 76.7-85.7%]: 90% for those with clinical stage I disease, 87% for clinical stage II disease, and 75% for clinical stage III disease. The 5-year overall survival for clinical stage II and III disease patients after CAA was 92% and 82%, respectively, and after APR was 81% and 63% (Fig. 1) . After CAA, 5-year overall survival rates were 91% and 69% for patients with pathologic stage II and III disease, respectively. After APR, 5-year overall survival rates were 71% and 67% for pathologic stage II and III patients, respectively (Fig. 2) . Patients who underwent APR with multivisceral resection appeared to have worse 5-year overall survival rate (66%, 95% CI 48.8-79.6%) than did those undergoing APR without multivisceral resection (78%, 95% CI 67.8-85.8%, p = 0.19) although not statistically significantly so. In contrast, 5-year overall survival rates for the CAA group with and without multivisceral resection were 85% (95% CI 33.4-97.8%) and 86% (95% CI 80.3-90.9%, p = 0.94), respectively. Table 2 shows that univariate predictors of overall survival were age, clinical and pathologic stage, LVI and PNI, The overall local recurrence rate at 5 years was 5.3% for patients who had undergone CAA and 7.9% for patients who had undergone APR (p = 0.33). One patient had a positive distal margin, and only three patients had a positive radial margin. Complete quantitative distal margin information was available for 119 (68%) of the 176 CAA patients. Among these patients, distal margins were B1 cm in 37 patients (32%), 1.1-2 cm in 40 patients (33%), and [2 cm in 42 patients (35%). The distance of distal mucosal margin did not correlate with rates of local recurrence (p = 0.46 for B1 cm versus 1.1-2 cm; p = 0.26 for 1-2 cm versus [2 cm). Of the 11 CAA patients in whom cancer recurred locally, the distal margin was unspecified but reported negative in one patient, unknown in one patient, B1 cm in three patients, 1.1-2 cm in four patients, and [2 cm in two patients. None of the three patients with a positive radial margin had local recurrence.
DISCUSSION
This study was performed to evaluate factors associated with long-term survival and local recurrence outcomes in a cohort of patients with distal rectal cancer undergoing CAA or APR at a referral center. We have demonstrated, after long-term follow-up, that surgical treatment of distal rectal cancers with stage-appropriate CRT and TME is associated with low rates of positive radial margins and local recurrence. While all but one of the patients within our retrospective cohort had a negative distal margin for resection, we did not observe am association between distance of tumor from the distal margin and local failure risk. Furthermore, local recurrence rates were not different among patients undergoing CAA or APR after adjusting for covariate influences. Overall survival was worse among older patients, patients with advanced stage, patients with tumors demonstrating LVI or PNI, patients treated during the earlier time period, and patients undergoing APR.
Surgical resection of localized rectal cancer with curative intent involves complete removal of the primary tumor and its lymphatic drainage by sharp mesorectal excision with or without sphincter preservation. The mesorectal dissection should be carried sharply to the pelvic floor. For low-lying cancers at the pelvic floor and adjacent to the anal sphincters, the historically higher risk for positive circumferential resection margins and local failure following APR versus anterior resection may in part be due to inadequate resection at the level of the pelvic floor with TME, resulting in increased risk for a positive radial margin. 15, [19] [20] [21] [22] The TME plane brings the dissection margin very close to the lateral margin of the tumor where the need for wide resection is greatest. 23 We routinely perform a wide cylindrical resection of the levator ani in the region of the tumor during APR. 24, 25 This technique avoids ''coning in'' along the distal mesorectum and allows for a wide radial margin to be achieved at the level of the tumor, resulting in a lower risk for local failure. 15, 26 Indeed we observed no significant difference in local recurrence rates between CAA and APR.
Although on univariate comparison survival was poorer among patients undergoing APR compared with those undergoing CAA, more patients required multivisceral resection and failed to receive adjuvant chemotherapy in the APR cohort. Thus this group had patient and tumor factors not fully characterized by American Joint Committee on Cancer (AJCC) stage assignment alone. After adjusting for covariate effects, there was worse overall survival among patients undergoing APR, likely reflecting patient, biologic, and treatment-related factors. These results are consistent with a recently published report showing poorer outcomes in patients undergoing APR for low rectal tumors. 27 In the absence of distant metastasis, resection margin status may be the most important factor in determining long-term survival and local recurrence in distal rectal cancer. The proximal margin is determined by the level of vascular ligation of the superior rectal artery and, historically, it was thought that a 5-cm distal margin was required for curative resection. 6, 28, 29 More recently a B 2 cm distal margin has been considered for oncologic control; however, the true minimum distance required for oncologic control in the setting of preoperative CRT and TME remains undefined. [8] [9] [10] 12, [30] [31] [32] [33] [34] In this study the rate of local failure after stage-appropriate CRT was low (6.3%), and among CAA patients, of whom all but one underwent margin-negative resection, an association with distal margin length was not observed. Although traditionally the distal margin was the focus of attention in rectal cancer, recently the radial or circumferential resection margin (CRM) has been shown to be the most important determinant of local control. Positive CRM has been associated with an up to 86% local failure rate. 35 A number of studies have demonstrated improvements in local recurrence, risk for distant metastases, and death with a negative CRM (C1-2 mm) . [10] [11] [12] [13] [14] [36] [37] [38] Only three patients in the present study had a positive CRM, none of whom recurred locally.
Surgery within the correct mesorectal dissection plane will result in a negative CRM except in cases in which an advanced tumor extends beyond the mesorectal envelope. The low overall local recurrence rate of 5% in this study's large, long-term follow-up cohort may be in part be attributable to a combination of CRT with a standardized surgical technique of sharp mesorectal excision with wide lateral clearance and preservation of the integrity of the CRM. Thorough preoperative evaluation is emphasized so that appropriate en bloc resection of adjacent viscera, in the case of locally advanced tumors, can be planned in advance of surgery. This approach also allows for the recruitment of multidisciplinary reconstructive services when needed, but most importantly, it maximizes the surgeon's ability to plan for and achieve a margin-negative resection.
Perineural invasion was another factor in our study associated with poorer overall survival on univariate and multivariate analysis, being present among 12 patients (8%) in the CAA group and 7 (6%) patients in the APR group. Presence of PNI has previously been associated with increased risk for distant metastases and local recurrence. [23] [24] [25] 39, 40 Among our 13 patients with local recurrence, 5 (38%) had evidence of PNI versus 14 (4.8%) without recurrence.
We also evaluated the influence of clinical and pathologic stage on survival outcomes within our multivariate models and observed that pathologic stage was more predictive of outcome than was clinical stage. In our group of patients, most of whom had undergone neoadjuvant chemoradiotherapy, this finding suggests that pathologic stage is a marker of tumor biology and is consistent with previous reports. 41, 42 Although treatment strategy is based on complete clinical staging, prognosis may be related to pathologic stage.
This study has notable strengths as well as potential limitations. This retrospective cohort of 304 patients represents a large series of patients with long-term follow-up after treatment for distal rectal cancer, which allowed us to carry out robust examination of recurrence and survival outcomes. The long follow-up time minimizes the potential for detection and follow-up time bias for the identification of local recurrences that may have been delayed by use of adjuvant radiation. The relatively small number of surgeons allowed for standardization of technique and surgical quality control. However, as this is a retrospective study and pathologic reporting was not standardized, quantitative data regarding tumor distance from the distal margins were missing in 25% (n = 37) of the cases of CAA, although none of these patients were noted to have a recurrence. Furthermore, quantitative data regarding the radial margin were available only for 28.4% (n = 73) of patients in this retrospective cohort. Thus, if a criteria of [1 mm for a negative radial margin was applied to all cases, we may have identified a greater proportion of cases with a positive radial resection margin.
In summary, our study demonstrates that treatment of distal rectal cancer with stage-appropriate CRT, total mesorectal excision, and negative distal and radial margins with en bloc resection of involved viscera results in low rates of local recurrence after either CAA or APR. We have found that age, pathologic stage, lymphovascular invasion, perineural invasion, treatment period, and surgery type were associated with overall survival. By understanding the anatomy of the distal mesorectum and adhering to oncologic principles for surgery and combined modality therapy, sphincter preservation with low rates of local recurrence can be achieved in patients undergoing APR or CAA even with distal margins less than 1 cm.
